The organic matter contents of sediments and rocks sampled during DSDP Leg 93 have been characterized by CHN and Rock-Eval analyses. Most samples from Sites 604 and 605 on the New Jersey continental slope and from Site 603 on the Hatteras outer continental rise contained less than 0.5% organic carbon. Some Neogene samples from the slope contained 1 to 2% organic carbon, and Cretaceous samples from the outer rise were as rich as 13.6% organic carbon by weight. Thin layers of black claystones of Santonian, Cenomanian, and Albian age were found interbedded in organiccarbon-lean, bioturbated, turbiditic claystones. Similar layers of turbiditic black marlstones were interspersed among Neocomian limestones and sandstones. Although the organic matter in many of the samples appeared to be detrital continental material, according to Rock-Eval and C/N values, Cenomanian black shales, in particular, contained substantial proportions of marine-derived organic matter.
INTRODUCTION
Incorporation of organic matter into deep-sea sediments is sensitive to a number of factors. Production by marine biota, transport from continental sources, period of sinking through an oxygenated water column, and rate of burial in the sea bottom are some of the major determinants. A fundamental parameter in organic geochemical investigations of sediments is the organic-carbon content, which is directly linked to the amount of organic matter present. This parameter is in turn a reflection of the depositional environment and the interaction of those physical, chemical, and biological factors influencing organic matter in sediments.
Other useful bulk organic geochemical parameters include the C/N atomic ratio and Rock-Eval pyrolysis, both of which provide insights into the type of organic matter contained within sedimentary deposits. C/N values of 14 and higher have been used as identifiers of terrigenous organic matter, whereas those between 4 and 8 often typify marine material (Müller, 1977; Premuzic et al., 1982) . These values can be altered, however, by diagenesis (Waples and Sloan, 1980) and hence must be used cautiously. The Rock-Eval procedure, described by Espitalié et al. (1977) , determines the hydrocarbon-generating potential and thermal maturity of organic matter in rocks and can provide evidence of the source of bulk organic matter.
During DSDP Leg 93 in the northwestern Atlantic Ocean, samples of sediment and rock from Sites 603, 604, and 605 ( Fig. 1) were routinely collected for organic matter analysis. The results of organic carbon, C/N atomic ratio, and Rock-Eval determinations of these samples are summarized here and discussed in the context of their sedimentary environment.
ANALYSIS

Organic-Carbon Determinations
Organic-carbon analyses were done using a Hewlett-Packard 185-B CHN Analyzer. Portions of samples selected for calcium carbonate determinations were treated with dilute HC1 to remove carbonate, washed with deionized water, and dried at 110°C. A Cahn Electrobalance was used to weigh 20-mg samples of sediment for CHN analysis. Samples were combusted at 1050°C in the presence of an oxidant, and the volumes of the evolved gases determined as measures of the C, H, and N contents of sediment organic matter. Areas of gas peaks were determined and compared to those of rock standards of known carbon and nitrogen contents (Meyers, Brassell, et al., 1984) . These values were used to standardize instrument response so that C/N atomic ratios could be reported. Organic-carbon concentrations were calculated on the basis of initial sediment dry weight. Hydrogen elemental analysis with the procedure used is untrustworthy because of variable amounts of clay minerals and their hydrates, hence hydrogen values are not reported for samples analyzed by this method.
Calcium Carbonate Determinations
Concentrations of carbonate minerals were determined by the "Karbonate Bombe" procedure of Müller and Gastner (1971) as improved by Dunn (1980) . Dried samples of sediment and rock were ground, and about 1 g was treated with concentrated HC1 in a closed cylinder. The resulting increase in pressure because of the formation of CO 2 gas is proportional to the concentration of carbonate. All carbonate minerals are assumed to exist as calcium carbonate in this chapter.
Rock-Eval Procedure
The source character and maturity of organic matter in selected rock samples were determined with the shipboard Girdel Rock-Eval pyrolysis instrument, which uses the I.F.P.-FINA process described by Espitalié et al. (1977) . About 100 mg of coarsely ground, dry sample is heated from 250 to 55O°C at a rate of 25 C/min. Gases released during this heating are carried off in a helium stream, which is split into two parts. One part is directed through a flame ionization detector to monitor hydrocarbons; the other passes through a CO 2 trap to be released at the end of the heating program and to be measured by a thermal conductivity detector.
This pyrolysis procedure yields four parameters that characterize the organic matter in a sample: (1) Area of peak Si, which corresponds to the quantity of free hydrocarbons present in the sample. (2) Area of peak S 2 , which corresponds to the quantity of hydrocarbons released by pyrolysis of kerogen up to 55O°C, or the "hydrocarbon potential." (3) Temperature, T max , of the top of peak S 2 , which is related to the maturity of the organic matter. (4) Area of peak S 3 , which corresponds to the CO 2 released from pyrolysis of kerogen. From Sj and S 2 , the "hydrocarbon production index," or ratio of SJ/CSJ + S 2 ), may 
RESULTS AND DISCUSSION
Site 603-Outer Hatteras Rise
Site 603 is located in 4334 m of water on the lower continental rise off North Carolina (Fig. 1) . Leg 93 rotary drilled and cored Holes 603 and 603 B and used the variable-length hydraulic piston corer (HPC) and extended core barrel (XCB) to recover the uppermost 366 m of the section in Hole 603C. A nearly continuous record of sediment accumulation from Pleistocene to Berriasian times was recovered from these three holes. The lithologic units encountered at Site 603 are shown in Figure 2 and are described in the Site 603 chapter (this volume).
Organic-carbon concentrations and organic-matter atomic C/N values from groups of Site 603 samples are summarized in Table 1 , along with descriptions of the lithologic subunits they represent. Data from individual samples are listed in Meyers (this volume) . In general, samples from Units IV and V are richer in organic carbon than are samples from Units I, II, and III, although considerable variability is especially evident in Unit IV (Table 1) .
The amount of organic carbon present in deep-sea sediments is a fraction of the material originally available from marine production and continental runoff. Microbial and oxidative processes degrade sinking organic matter, and further losses are large during the early stages of burial in the seafloor. The importance of the latter phase of degradation is diminished by rapid burial in areas of high sedimentation rates, with the result that concentrations of organic carbon are enhanced, but still higher rates of sediment accumulation act to dilute, as well as to preserve, organic matter in the sea bottom (Müller and Suess, 1979; Ibach, 1982) .
The relatively low concentrations of organic carbon present in samples from Subunits I A, IB, and IC reflect deposition beneath waters lacking high productivity and in an environment having a high rate of sediment accumulation. Preservation of the modest supply of organic matter appears to have been enhanced, yet concentrations have been diluted by the high sedimentation rates found in .these Neogene contourite deposits. Both organic carbon concentrations and C/N values decrease slightly over the upper 698 m of Site 603. Waples and Sloan (1980) report decreases in concentrations of organic carbon and in C/N ratios with depth in Neogene sediments from DSDP Leg 58 in the western North Pacific. They attribute these downhole decreases to continued microbial degradation of organic matter with preferential losses occurring to carbon, rather than to nitrogen. Such microbial activity would result in the evolution of microbial gases, which were indeed abundant in Hole 603 and 603C cores (Site 603 chapter, this volume).
In Subunit IC, concentrations of organic carbon and atomic C/N ratios are similar to those present in Subunit IA and are substatially higher than those from Subunit IB. These higher values are contrary to what would be expected from continued diagenetic alteration of material deposited under uniform conditions, and hence they signal some sort of change in the paleoceanographic setting. Because biogenic silica also increases in Subunit IC, it is possible that biological productivity was greater during this period of sediment deposition than at later times and is recorded in the silica, organic carbon, and C/N values.
In samples below Subunit IC, the extremely low organic-carbon values indicate little input of organic matter from either marine or continental sources and deposition under oxygenated conditions, giving poor preservation of organic matter. C/N ratios change from values of around 9 in samples from Subunit IC to values of 6 or less in Subunit ID, Unit II, and Subunit IIIA. The abrupt decrease in C/N ratios at 950 m sub-bottom indicates a paleoceanographic change, probably in productivity.
Dark-colored claystones ("black shales") are first encountered in Subunit IIIB and continue to occur throughout deeper parts of Site 603. The black-colored claystones are rich in organic matter, ranging up to 13.6% organic carbon by weight (Table 2 ). These relatively high percentages contrast with those of the green, red, and gray claystones, which are quite low (Fig. 3) . Atomic C/ N ratios of the black claystones average 33, whereas the values of interbedded organic-carbon-lean strata average about 12 (Table 2) . Similar contrasts in organic-carbon contents and C/N ratios have been observed in Cenomanian black shales and adjacent green claystones (Meyers, Trull, et al., 1984) and have been interpreted as resulting from enhanced (but only partial) preservation of organic matter by rapid burial (the black shales) in a normally oxic depositional environment (the green claystones).
Highest organic-carbon values are concentrated in Cenomanian claystones. These values, averaging 3.8% and reaching 13.6% (Table 2) , are significantly higher than most previously reported values from similar strata in the North American Basin (cf. Erdman and Schorno, 1978; Deroo et al., 1980; Summerhayes and Masran, 1984) which have 10.4% as a maximum.
Unit V consists of limestones and interbedded claystones, siltstones, and sandstones of Barremian to Berriasian age. Organic-carbon concentrations vary be- tween virtually nil to over 2.6% in samples from this depth range (Tables 1 and 2 ) and are not related to lithology. The mean organic-carbon concentration of samples from this unit is 0.8%. C/N ratios are higher in these samples than in Unit IV samples, ranging between 10.9 and 75.1, and they suggest much of the organic matter in the rocks in this group originated from land plants (cf. Múller, 1977) . Coaly stringers and pyritized wood fragments were commonly found in strata below 1220 m (Site 603 report, this volume) and support the likelihood of continental inputs dominating the sources of the organic matter in these rocks.
Rock-Eval pyrolysis was used in an attempt to characterize the type of organic matter in samples selected at about 100-m intervals throughout Site 603. Because many of these sediments contain so little organic matter, their S 2 and S 3 values are too low to be useful for source identification. Temperatures of S 2 maxima are between 362 and 416°C (Table 3 ) and indicate the organic matter is immature, except for one anomalous middle Miocene sample having a value of 462°C, which may contain detrital organic matter.
The Cenomanian black shale samples from the Hatteras Formation generally have high hydrogen indexes (Table 3) , representative of Type II kerogen of marine origin. Although most previous studies have concluded that the majority of the organic matter contained with North Atlantic Cretaceous black shales is from continental sources, Summerhayes and Masran (1984) suggest that samples with higher organic-carbon concentrations contain proportionately more marine organic matter. Moreover, some Cenomanian sediments from Site 105 are unusually rich in marine organic matter (Sum- merhayes, in press) and Albian-Aptian sediments from Sites 417 and 481 are dominated by marine material (Deroo et al., 1980) . The abundance of marine organic matter in Cenomanian sediments rich in organic carbon in Hole 603B is therefore not unexpected and represents short episodes of enhanced preservation of marine material superimposed upon a low background of terrigenous organic matter. The rest of Unit IV, however, appears to be poor in marine organic matter. Rock-Eval analysis of Unit V samples showed limestones to contain microbially reworked, detrital continental organic material, whereas some of the black, turbiditic marlstones have high hydrogen indexes (Table 3) . The abrupt change from a predominantly terrigenous type to a more marine type of organic matter between Barremian and Aptian times, concurrent with the disappearance of limestones, is intriguing. It may indicate that transport of vast amounts of continental organic material to the North Atlantic stopped at the end of the Barremian age at the same time the CCD became shallower, or it may record enhanced accumulation of admixed marine organic matter in post-Barremian times.
Rock-Eval values of selected samples from the Hatteras and Blake-Bahama formations are plotted in Figure 4. All six "black shales" have high HI values, although the Neocomian Blake-Bahama marlstones have greater OI values than do the Cenomanian Hatteras claystones. Two limestones and a sandstone from the BlakeBahama Formation have similar, low Rock-Eval values characteristic of detrital organic matter. The contrast between the "black shales" and the other types of rocks suggests the major distinguishing feature in the organic matter content of the "black shales" is an enhanced marine component, although these western Atlantic samples by no means are as rich in marine organic matter as are black claystones from the eastern edge of this ocean (Summerhayes, in press ). 393  381  375  374  462  383  379  395  385  383  383  383  378  399  395  406  408  402  401  416  394  398  383  399  397  406  406  401  389 Note: n.d. = not determined. 
Sites 604 and 605-Upper New Jersey Rise
Drilling of two holes at Site 604 (2328 m depth) and one at Site 605 (2194 m) (Fig. 1) provided a detailed record of sedimentation and sediment transport processes on the upper continental rise off New Jersey dating back to the late Maestrichtian. Figure 5 presents the lithologic units found at these sites. The site chapters (this volume) give details of these units.
Concentrations of organic carbon in sediments from Site 604 average 0.65% and vary between 0.06 and 2.11% (Table 4) . Little relationship exists between these concentrations and sub-bottom depth except for Subunits IIC and IID between 179 and 239 m where relatively high values of 0.94 to 2.11% consistently appear. C/N ratios range between 8 and 23 and, like organic-carbon concentrations, are not related to sediment depth. The C/N values indicate that the organic matter in these sediments is a mixture of continental and marine material. The variability in concentrations of organic carbon and in C/N ratios suggests that the proportions of terrigenous and aquatic materials have fluctuated somewhat over the period of time represented by this 250-m-thick sequence of sediment.
The range of values of Site 605 samples is from 0.08 to 0.60 wt.% (Table 4) , and the mean is 0.22-0.10%, slightly below the mean of 0.3% calculated by Mclver (1975) for DSDP Legs 1 through 31. Although organiccarbon concentrations are generally variable throughout Site 605 sediments, those in Subunit IA are consistently greater than the mean value. A similar trend toward decreasing concentrations over the topmost sediment sections has been described for Leg 58 sediments from the western North Pacific (Waples and Sloan, 1980) . Such downhole decreases are attributed to continued microbial degradation of organic matter after its burial in the seafloor.
Atomic C/N ratios of the organic matter contents of Site 605 sediments average 25 for the 105 samples that had measurable nitrogen contents. This value is higher than those found in sediments of similar age at Sites 603 and 604 (Tables 1 and 4 ) and is characteristic of landplant organic material (Müller, 1977) . C/N values, however, are quite variable at Site 605, ranging between 5 to over 100. This variability in C/N ratios, when combined with the general variability of organic carbon concentrations, suggests fluctuations in the proportions of marine and continental contributions of organic matter to the sediments at this continental margin site.
SUMMARY
Organic-carbon concentrations are generally low in samples from Sites 603, 604, and 605 and reflect deposition of organic matter in well-oxygenated benthic settings and under areas of moderate to low productivity. At Site 603 a series of thin layers of Cenomanian black claystones exists in the Hatteras Formation surrounded by red and green claystones having very low amounts of organic carbon. The black strata are relatively rich in organic matter and have higher Rock-Eval HI values indicative of larger proportions of marine material. Similar organic-carbon-rich layers exists as black marlstones in the Neocomian Blake-Bahama Formation, but surrounded by limestones and sandstones containing detrital continental organic matter. The "black shale" layer appear to arise from turbiditic relocation of sediments from an ocean margin oxygen-minimum zone to the outer continental rise where reburial occurred under predominantly oxic bottom conditions. During Neocomian times, large amounts of continental organic matter also reached Site 603 by turbidity flow, but this material had already been oxidized at, or before reaching, its earlier marginal setting.
Site 605
Site 604 0- 
50-
100-
150-
200-
250-
300-
350-
400-
450-
500-
550-
600-
650-
700-
750-
800-
=6
